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Abstract Two diarylheptanoids, l,7-bis-(3,4-dihydroxy- 
phenyl)-heptane-3-one-5-0-/I-D-xylopyranoside (I) and 1,7- 
bis-(3,4-dihydroxyphenyl)-heptane-5-0-/I-D-xylopyranoside 
(II), were isolated from the bark of Alnus hirsuta. Compounds 
I and II exhibited strong antioxidative activity against 
l,l-diphenyl-2-picrylhydrazyl radicals, with IC 50 values of 8.36 
± 0.54 and 8.67 ± 1.46 pM, respectively. In addition, we dem¬ 
onstrated that compounds I and II inhibited the production of 
nitric oxide and reactive oxygen species and the expression of 
proinflammatory molecules such as inducible nitric oxide syn¬ 
thase and cyclooxygenase-2 in lipopolysaccharide-induced 
macrophages. According to our results, the two diarylhep¬ 
tanoids isolated from the bark of A. hirsuta exhibited signifi¬ 
cant antioxidative activity and anti-inflammatory effects and 
may be useful in the pharmaceutical industry for alleviating 
oxidative stress. 
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Introduction 

It is commonly accepted that under oxidative stress con¬ 
ditions, reactive oxygen species (ROS) such as superoxide 
radicals (0 2 ~, OOH“) and hydroxyl radicals (OH) play an 
important role in the pathogenesis of various serious diseases, 

including cancer, neurodegenerative disorders, atherosclero- 

-1 

sis, cardiovascular diseases, cataracts, and inflammation. 

Inflammation is a physiological response of the body to 
a stimulus (e.g., tissue injury or infection). 2 High levels of 
ROS contribute to the pathophysiological mechanisms 
associated with various inflammatory skin disorders. 3,4 Inhi¬ 
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bition of cyclooxygenase (COX) has been established as an 
important target of nonsteroidal anti-inflammatory drugs 
(NSAIDs) such as aspirin and indomethacin. 5 COX-2 induc¬ 
tion is a response to proinflammatory stimuli such as bacte¬ 
rial lipopolysaccharide (LPS), which induces pathological 
conditions. 6 Nitric oxide (NO) generated by inducible nitric 
oxide synthase (iNOS) is involved in a variety of physiologi¬ 
cal and pathophysiological functions. 7 Improper iNOS 
expression plays an important role in human inflammatory 
diseases such as multiple sclerosis, asthma, neurodegenera¬ 
tive diseases, colitis, transplant rejection, and psoriasis. 8 
Therefore, the induction of iNOS expression and iNOS- 
generated NO seem to be involved in the pathomechanisms 
of these diseases. 9 

Alnus hirsuta is a deciduous, broad-leaved tree that 
thrives in damp locations, and the bark of Alnus spp. has 
been used in traditional oriental medicine as a remedy for 
hemorrhage, fever, diarrhea, and alcoholism. 10 A large 
number of chemical compounds such as triterpenoids, fla- 
vonoids, and diarylheptanoids have been identified in A. 
hirsuta. “ Diarylheptanoids isolated from the rhizome of 
Chinese ginger showed potent cytotoxicity against the 
HL-60 human promyelocytic leukemia cell line. 14 Two dia¬ 
rylheptanoids, isolated from the stem bark of A. hirsuta , 
were characteristic components of Alnus spp., and their 
chemical structures were elucidated on the basis of one¬ 
dimensional and two-dimensional NMR spectroscopy. 

The aim of this work was to evaluate the free radical 
scavenging and anti-inflammatory properties of diaryl¬ 
heptanoids using an in vitro model. The present study 
determined that two diarylheptanoids isolated from the 
bark of A. hirsuta possess potent antioxidative and anti¬ 
inflammatory potential. 


Materials and methods 

Materials 

Two diarylheptanoids, l,7-bis-(3,4-dihydroxyphenyl)- 
heptane-3-one-5-0-/TD-xylopyranoside and l,7-bis-(3,4- 
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OH 



Fig. 1 . Structure of compounds isolated from the bark of Alnus hirsuta. 
A, Compound I: l,7-bis-(3,4-dihydroxyphenyl)-heptane-3-one-5-0-/J- 
D-xylopyranoside (oregonin); B, compound II: l,7-bis-(3,4- 
dihydroxyphenyl)-heptane-5-0-/J-D-xylopyranoside 


dihydroxyphenyl)-heptane-5-0-/3-D-xylopyranoside, were 
isolated from methanol extract of the bark of A. hirsuta (Fig. 
1). Mass spectrum data were recorded on an Autospec M363 
series (Micromass, Euroscience, Manchester, UK) mass 
spectrometer. H and 13 C NMR spectra were measured 
using a Bruker DPX 400 (400 MHz for ‘H, 100 MHz for 13 C) 
spectrometer. 

Compound 1: light-brown amorphous powder 
Negative FAB-MS: mlz 477[M-H]“ 

‘H-NMR (400 MHz, CD 3 OD) <5:1.71 (1H, m, H-6), 2.45- 
2.77 (8H, m, H-l, 2, 4 and 7), 3.13 (1H, dd, J = 8.9, 7.5 Hz, 
xyl-2), 3.18 (1H, m, xyl-5ax), 3.32 (1H, m, xyl-3), 3.52 (1H, 
m, xyl-4), 3.86 (1H, dd, J = 11.4, 5.3 Hz, xyl-5eq), 4.07 (1H, 
m, H-5), 4.21 (1H, d,/ = 7.6 Hz, xyl-1), 6.47 (2H, d,/ = 8.0 Hz, 
H-6' and 6"), 6.62-6.68 (4H, m, H-2', 2", 5' and 5"). 

13 C-NMR (100 MHz, CD 3 OD) 8: 212.8 (C-3), 146.5 
(C-3"), 146.4 (C-3"), 144.8 (C-4"), 144.5 (C-4'), 135.7 (C-l"), 
134.6 (C-l'), 121.4 (C-6"), 121.3 (C-6'), 117.2 (C-5"), 117.2 
(C-5'), 117.0 (C-2"), 116.8 (C-2'), 104.7 (xyl-1), 78.3 (xyl-3), 
76.9 (C-5), 75.6 (xyl-2), 71.7 (xyl-4), 67.4 (xyl-5), 49.0 (C-4), 
46.8 (C-2), 38.9 (C-6), 32.2 (C-7), 30.5 (C-l). 

Compound 11: dark-brown amorphous powder 
ESI-MS: mlz 464[M] + , 332[M-xylose] + 

‘H-NMR (400 MHz, CD 3 OD) <5:1.67-1.79 (4H, m, H-2,3), 
2.41-2.78 (8H, m, H-l, 6,4 and 7),2.79 (1H, m, H-5),3.16 (2H, 
m, xyl-5ax and xyl-2), 3.49 (1H, m, xyl-3), 3.85 (1H, m, xyl-4), 
4.08 (1H, dd, J = 5.4,11.3 Hz, xyl-5eq), 4.21 (1H, d, / = 7.6 Hz, 
xyl-1), 6.47 (2H, dd, / = 8, 2.3 Hz, H-6' and 6"), 6.61 (2H, d, 
J = 2.3 Hz, H-2' and 2"), 6.65 (2H, d, / = 8 Hz, H-5' and 5"). 

13 C-NMR (100 MHz, CD 3 OD) <5: 146.6 (C-3'), 144.7 
(C-3"), 143.0 (C-4"), 142.7 (C-4'), 138.1 (C-l"), 132.7 (C-l'), 
115.3 (C-5"), 115.2 (C-5'), 119.4 (C-6"), 119.3 (C-6'), 115.1 


(C-2"), 114.9 (C-2'), 102.9 (xyl-1), 76.5 (xyl-3), 75.0 (C-5), 

73.7 (xyl-2), 69.9 (xyl-4), 65.6 (xyl-5), 48.1 (C-4), 45.0 (C-2), 
37.2 (C-6), 30.4 (C-7), 28.7 (C-l), 24.2 (C-3). 

l,l-Diphenyl-2-picrylhydrazyl free radical 
scavenging assay 

l,l-Diphenyl-2-picrylhydrazyl (DPPH) free radical scaveng- 
ing activity was assessed as described in Yin et al. with 
some modification. Briefly, 100 jal of DPPH solution 
(0.2 mM in methanol) was added to a 96-well plate contain¬ 
ing 100 jliI of sample at various concentrations (1, 5,10, 20, 
50, 100, or 200 pM). The mixture was then immediately 
shaken and kept at room temperature in the dark; the 
decrease in absorbance at 515 nm was measured using a 
multiplate spectrophotometer (ELx800TM, BioTek, USA) 
after 25 min. All experiments were performed in triplicate. 
DPPH radical scavenging activity was calculated as follows: 

Scavenging effect (%) = (1 - (A i - A } )/A 0 ) x 100 

where A 0 is the A 515 of DPPH without a sample (control), 
A { is the A 515 of a sample and DPPH, and A j is the A 515 of a 
sample without DPPH (blank). The effective concentration 
required for 50% plaque reduction (IC 50 ) was determined 
from a curve relating plaque number to the concentration 
of the sample. 

Cell culture maintenance 

The murine macrophage RAW 264.7 cell line was obtained 
from the Korea Cell Bank; the cells were grown in Dul- 
becco’s modified Eagle’s medium (DMEM) supplemented 
with 10% fetal bovine serum, 100 U/ml penicillin, and 
100 pg/ml streptomycin. Cells were incubated at 37°C in an 
air/carbon dioxide (95:5) atmosphere. 

Assay for cell viability 

RAW 264.7 cells were seeded into 96-well plates at a density 
of 1 x 10 4 cells/well and exposed to medium in the presence 
of compounds with various concentrations (1, 5,10, 20, 50, 
or 100 pM) for 24 h. After removing the supernatant of 
each well, 10 pi of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) [5 mg/ml in phosphate buff¬ 
ered saline (PBS)] was added to each well at the time of 
incubation. After 4 h of incubation, the supernatant was 
discarded and 200 pi of dimethyl sulfoxide (DMSO) was 
added to each well to terminate the reaction. The absor¬ 
bance was measured at 550 nm using an enzyme-linked 
immunosorbent assay multiplate spectrophotometer 
(ELx800TM). 16 The mean value of optical density (OD) of 
three wells was used for calculating the viability (percentage 
of control). All experiments were performed in triplicate. 

Inhibition of NO production by LPS-stimulated RAW 

264.7 cells 

A total of 1 x 10 4 RAW 264.7 cells were seeded per well in 
a 96-well plate for 12 h. Cells were preincubated with com- 
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pound solutions (1-100 pM, final concentration) for 30 min 
and then treated with 100 ng/ml LPS. After incubation for 
24 h, 100 pi supernatant was transferred to a new 96-well 
plate, 100 pi Griess reagent was added to each well, and 
it was incubated for 15 min. Absorbance was measured 
at 550 nm by using a multiplate spectrophotometer 
(ELx800TM). 

Intracellular ROS inhibition activity 

A total of 1 x 10 4 RAW 264.7 cells were plated per well in 
a 96-well plate for 12 h. Cells were pretreated with various 
concentrations of compound I or II for 30 min before being 
stimulated with LPS (100 ng/ml, final concentration) for 
24 h. After incubation, the supernatant of each well was 
removed and cells were washed with preheated PBS at 
37°C; then 2',7 / -dichlorodihydrofluorescein diacetate 
(DCFH-DA, final concentration 100 pM) was added and 
the cells were incubated for 30 min. DCFH-DA was 
removed from each well and 100 pi cold PBS was added; 
fluorescence intensity (485 nm/535 nm, ex/em) was mea¬ 
sured using a fluorescence spectrophotometer (Victor 3, 
PerkinElmer, New York, USA). 18 

Flow cytometric analysis 

RAW 264.7 cells (2 x 10 5 cells/ml) were incubated in a 6-well 
plate for measurement of intracellular ROS content using 
a fluorescence-activated cell sorting machine (FACS, Becton 
Dickinson, CA, USA). Cells were pretreated with com¬ 
pounds I or II at various concentrations (10, 20, 50, or 
100 pM, final concentration) for 30 min before treatment 
with LPS (100 ng/ml, final concentration) and incubated for 
24 h. After incubation, the supernatant medium of each well 
was removed and washed with preheated PBS at 37°C; 
DCFH-DA (final concentration 100 pM) was added and 
incubated for 30 min. DCFH-DA was removed from the 
each well and washed with cold PBS twice, and then the 
fluorescence intensity was measured. 19 

Detection of ROS formation with laser scanning confocal 
microscopy 

LPS-induced RAW 264.7 cells were prepared with a view 
to imaging using a confocal laser microscope. The cells were 
treated with various concentrations of compound I or II 
30 min before stimulated with 100 ng/ml LPS (final concen¬ 
tration) for 24 h. After incubation, the supernatant medium 
of each well was removed, cells were washed with preheated 
PBS at 37°C, and then 100 pM DCFH-DA was added and 
incubated for 30 min. 20 DCFH-DA was removed from the 
sample, washed with cold PBS twice, and then the fluores¬ 
cence intensity was measured by using a laser scanning 
confocal microscope (Zeiss Axiovert 135 microscope, laser 
excitation 488 nm, emission long-pass LP515-nm filter 
set). 


RNA preparation and reverse transcription polymerase 
chain reaction 

Reverse transcription polymerase chain reaction (RT-PCR) 
was used to analyze gene expression in RAW 264.7 cells 
after stimulation with LPS in the presence of different con¬ 
centrations of compound I or II for 24 h. Total RNA was 
isolated with Trizol reagent in accordance with the manu¬ 
facturer’s instructions (Invitrogen, Carlsbad, CA, USA). 
First-strand cDNA was synthesized from the total RNA 
(2 pg) containing oligo (dT) primers and Moloney murine 
leukemia virus reverse transcriptase (M-MLV RT, Invitro¬ 
gen). The primer sequences for iNOS, (5- actin, and COX-2 
were as follows: iNOS sense 5'-CCC TTC CGA AGT TTC 
TGG CAG CAG C-3', antisense 5'-GGC TGT CAG AGC 
CTC GTG GCT TTG G-3'; /3-actin sense 5'-TCA CCC 
TGA AGT ACC CCA TC-3', antisense 5'-CCA TCT CTT 
GCT GCA AGT CC-3'; COX-2 sense 5'-CAC TAC ATC 
CTG ACC CAC TT-3', antisense 5'-ATG CTC CTG CTT 
GAG TAT GT-3'. The PCR reaction involved an initial 
5 min of denaturation at 94°C followed by 25 cycles of 94°C 
for 30 s, 55°-60°C for 30 s, and 72°C for 1 min with a final 
7 min of extension. Aliquots of individual PCR products 
were separated on 1% agarose gel, stained with ethidium 
bromide, and imaged. 21 

Statistical analysis 

Means were calculated from three replications of each 
experiment. Data were analyzed employing SPSS vl3.0 
(Statistical Package for the Social Sciences, Chicago, IL, 
USA). Duncan’s multiple range test was used to determine 
the significance of differences (P < 0.01 was taken as 
significant). 


Results and discussion 

Identification of compounds I and II and their DPPH free 
radical scavenging activity 

Compound I, a light-brown amorphous powder, has a 
molecular formula of C 24 H 30 O 10 according to FAB-MS 
([M-H]- at m/z = 477). The X H-NMR (CD 3 OD, 400 MHz) 
spectrum of compound I showed multiples at 51.71-2.77 
corresponding to 10H that were attributed to five methy¬ 
lene groups and two pairs of 1,3,4-trisubstituted aromatic 
rings: 6.47 (2H, dd, 7 = 8, 2.3 Hz, H-6' and 6"), 6.61 (2H, d, 
J = 2.3 Hz, H-2' and 2"), 6.65 (2H, d, J = 8 Hz, H-5' and 5"). 
The X H-NMR spectrum also showed an anomeric proton 
signal at 54.21 (1H, d, J = 7.6 Hz). These spectral data indi¬ 
cated that compound I was a bis-(3,4-dihydroxyphenyl) 
heptane glycoside. The signals at 53.13 (1H, m, J - 8.9, 
7.5 Hz, xyl-2), 3.18 (1H, m, J = 10.9 Hz, xyl-5ax), 3.32 (1H, 
m, xyl-3), 3.52 (1H, m, xyl-4), 3.86 (1H, dd, J = 5.3,11.4 Hz, 
xyl-5eq), and 4.21 (1H, d, J = 7.6 Hz, xyl-1) indicated the 
presence of xylopyranosyl groups. The assignment of the 
sugar as a xylopyranosyl was supported by the signals for 
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oxygenated carbons at 5104.7 (xyl-1), 78.3 (xyl-3), 76.9 
(C-5), 75.6 (xyl-2), 71.7 (xyl-4), and 67.4 (xyl-5). Also, the 
structure of compound I was elucidated to be (5S)-1,7- 
bis (3,4-dihy dr oxyphenyl)-heptane-3-one-5-0 -/3-d- 
xylopyranoside (oregonin), by comparing its spectroscopic 
data with previously reported data. 22,23 

Compound II, a dark-brown amorphous powder, has a 
molecular formula of C 24 H 32 0 9 according to ESI-MS ([M] + 
at mlz - 464). The spectroscopic data of compound II is very 
similar to that of compound I. Comparing the ! H-NMR 
spectrum of compound II with that of compound I, com¬ 
pound II has one more methylene at 51.67-1.79 than com¬ 
pound I does. Li C-NMR showed the presence of a methylene 
at 524.2 (C-3) instead of 212.8 (C-3) in compound I. Thus, 
the structure of compound II was identified as (5R)-l,7-bis- 
(3,4-dihydroxyphenyl)-heptane-5-0-/I-D-xylopyranoside by 

O A 

comparison with previously reported data. 

Free radicals are the primary cause of oxidative damage 
of biological molecules in the human body, and they are 
associated with coronary heart disease, aging, cancer, and 
dementia. DPPH, a stable free radical, decrease signifi¬ 
cantly after exposure to proton radical scavengers. Antioxi¬ 
dants transfer either an electron or a hydrogen atom to 
DPPH, thus neutralizing its free radical character. DPPH 
has been used extensively as a free radical to evaluate 
reducing substances in foods and biological systems. 26 

The assay was conducted in methyl alcohol, and the 
results are expressed as IC 50 , which represents the antioxi¬ 
dant concentration necessary to decrease the initial DPPH 
concentration by 50%. Lower values correspond to a higher 
radical scavenging capacity. Compounds I and II exhibited 
strong antioxidative activity against the DPPH radical, with 
IC 50 values of 8.36 ± 0.54 and 8.67 ± 1.46 pM, respectively 
(Table 1). These IC 50 values are lower than that of gallic acid 
(10.45 ± 0.47 pM). Compounds I and II exhibited good 
activity in the DPPH free radical model system. It is reported 
that diarylheptanoids exhibit strong antioxidative activity 
due to reducing groups such as phenolic hydroxyls, hydrox¬ 
yls, or alkenes. 27 The antioxidant activities of compounds I 
and II are due to the 3',4'-dihydroxyphenyl groups linked 
at C-7 and C-l of the heptane chain. Flavonoids, hydroxy- 
cinnamates, and related phenolic acids have been reported 
to function as potent antioxidants by virtue of their hydro¬ 
gen-donating properties. 28 


Table 1. l,l-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging 
activity of the diarylheptanoids isolated from Alnus hirsuta 


Sample 

ic 50 (|xM) 

Compound I 

8.36 ± 0.54 

Compound II 

8.67 ± 1.46 

Gallic acid 

10.45 ± 0.47 


IC 50 is the amount required to reduce the initial concentration of DPPH 
by 50% 

Compound I is l,7-bis-(3,4-dihydroxyphenyl)-heptane-3-one-5-0-/TD- 
xylopyranoside (oregonin) Compound II is 1,7-bis-(3,4-dihy dro- 
xyphenyl)-heptane-5-0-/l-D-xylopyranoside 
Values represent the mean ± SD (n = 3) 


Cell viability and nitric oxide analysis 

After 24-h treatments with various concentrations of com¬ 
pound I or II, the MTT assay was performed to test macro¬ 
phage viability of RAW 264.7 cells. As shown in Fig. 2A, 
compounds I and II did not exhibit obvious cytotoxicity in 
the range 0-100 pM. Based on these results, concentrations 
up to 100 pM of compounds I and II were selected for sub¬ 
sequent experiments. 

Macrophages play a pivotal role in the host defense 
system; they have an inherent capacity for phagocytic, cyto¬ 
toxic, and intracellular killing. 29 NO generated by macro¬ 
phages after stimulation by LPS (a primary component of 
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Fig. 2A,B. Effect of compounds on cell viability and NO inhibition in 
lipopolysaccharide (LPS )-induced RAW 264.7 cells. A RAW 264.7 
cells were incubated with different concentrations of compound I or II 
for 24 h. Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyl tetrazolium bromide (MTT) assay. B RAW 264.7 cells (1 
x 10 ' cells/well) stimulated by LPS (100 ng/ml) were incubated with 
either compound I or II for 24 h. Supernatants were collected and the 
NO concentration from the supernatants was determined by Griess 
reagent. S, Control; ttH, LPS treatment; ■, compound I; □, compound 
II. Values are the mean ± SD (n = 3). Values with the same letter are 
not significantly different by Duncan’s multiple range test (P > 0.01) 






327 


the Gram-negative bacteria cell wall) is a representative 
toxic and proinflammatory mediator and plays an important 
role in the various types of inflammatory processes in the 
animal body. 30 We examined whether compounds I and II 
modulate NO production in LPS-induced macrophages. The 
inhibitory effect of compounds I and II on LPS-induced NO 
production was quantitatively measured by the Griess reac¬ 
tion. As shown in Fig. 2B, NO production was dose-depend- 
ently suppressed by compounds I and II up to 50 pM, even 
though NO production slightly increased at 100 pM. These 
results imply that compounds I and II were effective as NO 
scavengers in LPS-stimulated RAW 264.7 cells. Much evi¬ 
dence indicates that compound I prevents the expression of 
iNOS and COX-2 in RAW 264.7 macrophages and BV-2 
microglial cells exposed to LPS in combination with or 
without interferon-y. 31,32 Kim et al. 33 reported that com¬ 
pounds I and II inhibited 50% of NO production in RAW 
264.7 cells exposed to LPS plus interferon-y at 16.7 and 
48.6 pg/ml, respectively. 

ROS inhibition activity in LPS-induced RAW 264.7 cells 
with DCFH-DA probe 

As shown in Fig. 3, the ROS level in macrophages increased 
more than twofold after stimulation by LPS. Pretreatment 
with various concentrations of compounds I and II rapidly 
abates the ROS in RAW 264.7 cells. Mammalian cells are 
constantly exposed to ROS as a result of normal metabolic 
processes occurring during aerobic respiration; however, 
excessively high levels of free radicals or ROS create oxida¬ 
tive stress, which leads to detrimental effects, including lipid 
peroxidation of cellular membranes, alteration of lipid- 
protein interactions, enzyme inactivation, DNA breakage, 
and eventually the promotion of mutations that initiate 



Fig. 4A,B. Suppression of LPS-induced reactive oxygen species (ROS) 
in RAW 264.7 cells in the presence of different concentrations of com¬ 
pound I or II. A RAW 264.7 cells (2 x 10 5 cells/ml) were stimulated by 
LPS (100 ng/ml) and incubated with either compound I or II for 24 h. 
The cells were collected and the intracellular ROS content was deter¬ 
mined by flow cytometry. A, Control (no treatment); B , 100 ng/ml LPS 
treatment; C, 100 ng/ml LPS treatment after compound I addition; D , 


tumor progression.' 4 ' 5 Therefore, compounds I and II can 
act as potential ROS scavengers in an oxidative environ¬ 
ment to balance the ROS level. 

Flow cytometry analysis of ROS levels in RAW 264.7 cells 

The level of ROS production in RAW 264.7 cells was deter¬ 
mined using the fluorescence probe DCFH-DA by means 
of flow cytometry (Fig. 4). RAW 264.7 cells exposed to LPS 
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Compound cone. pM 


Fig. 3. Antioxidative activity of diarylheptanoids isolated from A. 
hirsuta by 2',7'-dichlorodihydrofluorescein diacetate assay. & Control; 
HU], LPS treatment; ■, compound I; □, compound II. Values represent 
the mean ± SD (n = 3). Values with the same letter are not significantly 
different by Duncan’s multiple range test (P > 0.01) 
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Compound cone. pM 

100 ng/ml LPS treatment after compound II addition. 1-4 , Different 
concentrations of compounds I or II: 10,20,50, and 100 pM. MFI , mean 
fluorescence intensity. B Typical histograms showing ROS levels in 
LPS-induced RAW 264.7 cells with or without compound I or II. S, 
Control; I, LPS treatment; ■, compound I; □, compound II. Values 
represent the mean ± SD (n = 3). Values with the same letter are not 
significantly different by Duncan’s multiple range test (P > 0.01) 
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Fig. 5. ROS content of LPS- 
induced RAW 264.7 cells after 
addition of compound I or II 
using confocal laser microscope. 
A, Control (no treatment); B, 
100 ng/ml LPS treatment; C, 

100 ng/ml LPS treatment after 
compound I addition; D, 100 ng/ 
ml LPS treatment after 
compound II addition. 1-3 , 
Different concentrations of 
compounds I or II: 10, 20, and 
50 pM. Bar = 20 pm 



for 24 h displayed a significant increase (greater than five¬ 
fold) in the intracellular level of ROS compared to untreated 
cells. Pretreatment with different concentrations of com¬ 
pound I or II markedly reduced the ROS levels in RAW 
264.7 cells. The ROS scavenging capacity of compound I was 
6.4% at 10 pM,25.0% at 20 pM,48.0% at50 pM,and 70.8% 
at 100 pM. In comparison, the ROS scavenging capacity of 
compound II was 4.2% at 10 pM, 27.2% at 20 pM, 48.8% 
at 50 pM, and 71.0% at 100 pM. The results correlated well 
between flow cytometry and fluorescence spectrophotom¬ 
eter analysis. 

Laser scanning cytometry assay 

To determine the ROS scavenging ability of compounds I 
and II, ROS generation by RAW 264.7 cells was monitored 
under laser scanning confocal microscopy using fluores¬ 
cence dye DCFH-DA. As shown in Fig. 5, cells not treated 
with LPS exhibited weaker fluorescence intensity than cells 
treated with LPS due to the generation of ROS in RAW 
264.7 cells. Treatment with either compound I or II in con¬ 


junction with LPS reduced the fluorescence intensity, which 
reflects the reduction of ROS generation. 

Diarylheptanoids abolished iNOS and COX-2 expression 
induced by LPS in RAW 264.7 cells 

Among the proinflammatory enzymes, iNOS and COX-2 
are believed to be involved in the pathogenesis of many 
chronic diseases, including multiple sclerosis, Parkinson’s 
and Alzheimer’s diseases, and cancer. 36 iNOS and COX-2 
are implicated in nitric oxide upregulation and the synthesis 
of prostaglandins during the inflammation process. There¬ 
fore, it is recognized that downregulation of iNOS and 
COX-2 is an effective approach for reducing the intensity 
of the inflammation process. 37 

To elucidate the mechanisms of the anti-inflammatory 
activity of compounds I and II, semiquantitative RT-PCR 
was performed to determine the expression of iNOS and 
COX-2 mRNA. Incubation with the two compounds at 
several concentrations (10, 20, 50, or 100 pM, final concen¬ 
tration) resulted in a marked reduction of LPS-induced 
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Fig. 6. RT-PCR analysis of 
cyclooxygenase-2 (COX-2) and 
inducible nitric oxide synthase 
(iNOS) mRNA after LPS 
treatment of RAW 264.7 cells 
with the addition of compounds 
I or II. /I-actin was coamplihed 
as an internal control. ■, iNOS 
expression level after compound 
I treatment; □, COX-2 
expression level after compound 
I treatment; & iNOS expression 
level after compound II 
treatment; EH, COX-2 expression 
level after compound II 
treatment. A Typical results of 
agarose gel electrophoresis. 

B Band relative intensity was 
estimated using the image 
analysis software (Gel Quant, 
DNR bio-imaging systems, USA) 
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iNOS and COX-2 mRNA in RT-PCR analysis (Fig. 6). 
Based on image analysis results, compound I more effec¬ 
tively reduced the mRNA expression of iNOS and COX-2 
in LPS-stimulated RAW 264.7 cells than compound II did. 


Conclusions 

Taken together, these findings suggest that the two diaryl- 
heptanoids isolated from A. hirsuta have significant DPPH 
free radical scavenging activity. In addition, they were able 
to inhibit NO production, reduce ROS levels, and reduce 
mRNA expression levels of iNOS and COX-2 in LPS-stim¬ 
ulated RAW 264.7 cells. Further studies are in progress to 
characterize their behavior in greater detail. 
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